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ACRONYMS/ABBREVIATIONS

BCR Biochemical reactor

CESR Cost-Effective Sulfate Removal

EDR Electrodialysis reversal

EPA United States Environmental Protection Ageney

FRA Forest Reclamation Approach

mg/1 Milligrams per liter

uS/cm microsiemens per centimeter

NF nanofiltration

OSMRE Office of Surface Mining Reclamation and Enforcement

o g

RO Reverse osmosis

SC Specific cotidictance

SMCRA Surface Mining Control Reclamation Act

TDS Total dissolved sglids

TMDL Total maximum daily load

TSS " Total suspended solids

USGS United States Geological Survey

wv West Virginia

WVDEP West Virginia Department of Environmental Protection
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To be updated once report text is finalized

Under contract with U.S. Environmental Protection Agency, Region3 (EPA) and in consultation with the
West Virginia Department of Environmental Protection (WVDER), fetra Tech is modeling ion constituents
in biologically impaired streams of the Lower Guyandotte Witershied it West Virginia. The work is
associated with streams experiencing elevated water coluimn ionic strength that is contributing to
nonattainment of the applicable narrative water qualify criterion for biological integrity.

The work in this pilot project includes the develogmentof a restoration target furwater column specific
conductance that, if attained, would substantively fiitigate ionic stress to biota. The work also includes 1)
dynamic modeling of existing conditions for key individial ions and gpecific conductancéin targeted
streams, and 2) the development of allogation scenarios with pollitant t‘educ’cmns to Watle‘shed pomt and
nonpoint sources that will achieve the réstoyation target. S -reEae : ity
dativload-CEMBL) development-butis-exp aupport-futit
a&si*m Ater gk }E# ~stands x»d varlanees-hviidower urandette Wy

With respect to the restoration target, EPA and WVDEP have agreed analong-ter
water column specific conductance 14

approximately400 mlcrosxemens per centitigter (uS/cm). For consistency with efﬂuent
limitationg@levelopment in NPDES permitting, :a maximum 4 consecutive day average target equal to 721
1S/cm has also been derived. This maximum 4-day target of 721 48 / cm cor‘responds to an annual average
af 400 uS/cm, Water columu specific copductance observati

't Commented [EL1}: Including for potential future use of
i GLIMPSS rather than WVSCI

documented in all the impaired streams mcluded in this project. Baseline specific conductance varies by
impaired streani;but many instreant.observations fall in the 1,500-2,000 puS/cm range with higher
discharge values exjected. Under many scenaring; existing discharge values will need to be reduced to the
allocation endpoint bec¢ause of the lack ¢f dilution in the receiving stream at the discharge location.

In recognition of the signiti¢ant ion reductions that are needed, the novelty of application of ion reduction
treatment in the mining 1ndustr'y, and the likely high cost and complex1ty of necessary controls, WYBER

sich;-management controls that make incremental progress toward the
endpomt are relevant, as are design considerations for new sources.

axbendedtimeforrestoration-A

The purpose of this supporting memorandum is to summarize information about treatment technologies
that are potentially available to reduce ionic loading from existing sources, with a focus on cost and the
ability to achieve anticipated allocations. Additional considerations are provided with respect to land and
energy requirements and the relative intensity of necessary operation and maintenance requirements.

“+ Commented [AJ2]E Also ihclude a statement about the

10% MO5 and 649 target.

Or perhaps only use the 649 target (incorporating the
MOS) s0:as not to-confuse the permittees into thinking
721is0k?

PETRA TECH [ PAGE \* MERGEFORMAT ]

ED_013622D_00000571-00005




3.1 ION SOURCES

Multiple sources of elevated ions exist within the watersheds of the impaired streams associated with this
pilot project. The most prevalent sources are drainages from valley fills associated with coal mining. The
ages of the fills vary. Some are of relatively recent construction and asspciated with active mining
operations. Others are older and are no longer regulated by permits;Qther sources include continuous
discharge “seeps” from legacy mining operations, continuous pepitied pumped or gravity flow mining
discharges and drainage from fills associated with highway cefistruction (“road fills”).

This project included a charge to provide detailed informgtiottiabout magde] inputs that are associated with
NPDES permitted mining outlets. This compilation, Mining Permitted Souree:Summary provided in
Appendix A and supplemented by a GIS project, ingliides information regarding permit responsible parties,
permit and outlet status, outlet locations, associdted Surface Mining Control Reclamiation Act (SMCRA)
permits, and outlet property ownership. With respeet to older, previously permitted sources, expired
permit/closed outlet information was included to the extent possilile. The compilation‘alsp distinguishes
mining sources between those with and without contributitig valley fill areas and identifiés piodeled areas
for both valley fill and non-valley fill landitseitypes. It is imporfant to recognize that elevated'ion impacts
from mining sources are generally associated with vutlets that drain valley fills those contributing
pumped or gravity fed groundwater. Outlets that
discharge only surface runoff from non-valley fillareas have mindel ion‘elaracterization that is similar to
other background landtises:

Multiple source types are present in the watersheds af some impaired'stréams. Other, relatively smaller,
watersheds are impacted by individual gatirces or sour¢g types. The next section describes the significant
existing iongburcéslocated theivarious subwatersheds of this project.

3.2 JIONIC STRESS BIOLOGICAL TMPAIRMENTS

-+ Commented [EL3]: Could the typicalionconstituent of

the waters beincluded(h in technolagy
ian; ar perhaps in‘the same 1 SpE/TBS fion

relationship clarified as Bebecca suggests)? Maybe it
could be a a table of the ions present, noting if the jonid a
major or minor contributor to elevated SpC, monovalent
or divalent, and thelrcharge sincethose are relevant to

the treatment,

Inithe Lower Guyandotte Watershed, imultiplé streams have been identified by WVDEP as impaired due to

nonattainment of the applicable narrative water‘quality criterion for biological integrity. WVDEP uses
benthic macroinvertebyates to assessés biological integrity through the application of a multi-metric index
( West Virginia:Stream €ondition Index). The WVDEP biological stressor identification
process identified elevated 1bnit water quality as a significant stressor for a subset of those streams that
are addressed in this project, asishown in [ REF _Ref113604863 \h .

Commented [r4]: May I recommend 2 conimentor

e e

e t be incl

in this sectionorin 2.0

i about the relationship between lanic Stress and Specific
{ Conductance and lon Water Column Concentrations? To
i provide clarity on these terms which seem to be used
interchangeably.
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Modeled Subwatersheds
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Figure [STYLEREF 1 \s}:[SEQ Fiaure \* ARABIC \s 1]. Lower Guyandotte Watershed and associated
modeled subwatersheds and impaired stream reaches.

[ REF Ref113604367 \h | displays the range of specific conductance values observed at monitoring
locations in streams with existing elevated ion water quality. These instream values represent the
contribution of sources as influenced by available dilution in their respective watersheds. Comprehensive
characterization data was not available for all sources and untreated source quality will vary between
sources. Particularly for observations from smaller tributary watersheds, the ionic quality of existing
sources is expected to be consistent with or slightly higher than the maximum observed instream values
that most often occur during seasonal low flow periods when dilution is minimized.
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Table [STYLEREF 1 \s]-[SEQ Table \* ARABIC \s 1]. Summary of WVDEP specific conductance (SC) grab
sample observations (2017-2020) at model calibration stations.

MAXIMUM
Watershed Stream Name NHD ANCODE SURID | OBSERVEDSC | OBSERVED SC
(us/cMy

Mud River headwaters | 0GL-10 9321 445 116 223
Lukey Fork OGL-10-EC 13312 444 1290 2020
Ballard Fork OGL-10-EA 9829 447 1103 1831
Stanley Fork 0GL-10-DX 9323 440 1305 1871
Sugartree Branch 0GL-10-DW 9322 433 1437 1659
Upper Mud Connelly Branch OGL-10-DS 13330 436 2338 2453
River Mud River MP 74.3 0GL-10 5293 433 ’ 1116 2009
Berry Branch OGL-10-DN 8891 432 1792 1969
Stonecoal Branch OGL-10-DM 15684 430 2307 3016
Mud River MP 71.7 OGL-10 15680 429 1684 2143
Mud River above
5110 94 5
reservoir (MP 67.4) I gl & - 1336 L 2067
Big Ugly Creek MP 14.7 | 061,89 15704 658 141 286
BigUgly | Big Ugly Creek MP 12.7 | OGL B9 13282 654 125 233
Creek Fawn Hollow; OGL-89:AA 13347 653 1438 1854
Big Ugly Creek MP 11 5:] 0GL-89 5107 649 250 1057
Limestone . I ‘
Branch Liméstone Branch I tgL-111 4 5144 719 260 658
Ed Stone
Ed Stone B -112-D 148 722
Branch one Bfanch Q6L 5 323 64d
Rocky Branch F'Recky Branch OGL-13D 15637 774 600 715
South Fork/Grawley
Creek 0GL-117-M 5163 765 1000 1341
Middle Fork/Crawley
Crawley ! Creck 0GL:117-M-1 15644 764 1330 1441
Creek Crawley Creek
OGL-117% 15636 766
(headviater) 2 641 964
Crawley€reek (mouth) FIGL-117 15635 756 419 844
Merrick Creek | Merrick Cregk 0GL-10-A 15606 202 436 1137

3.2.1 Upper Mud River

Most project impairments are associated with the Mud River mainstem and tributaries upstream of Mud
River Lake ([ REF _Ref113601134 \h ]). The mainstem segment has been identified as biologically impaired
with ionic stress upstream from the reservoir to its headwaters. Practically, elevated ion water column
concentrations have not been observed upstream of approximately river mile (RM) 79.5 and significant ion
sources are not present in the watershed of the Mud River above that point. Identified impaired tributaries
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Sugartree Braneh, Stanley Fork, and Ballard Fork enter the impaired segment of the Mud River below RM
79.5. Other tributaries with observed elevated ion concentrations also enter this segment. Those tributaries
(e.g., Lukey Fork, Connelly Branch, Berry Branch, Stonecoal Branch, others) have not yet been formally
identified as biologically impaired due to the lack of recent biological assessment, but nonetheless exhibit
ion concentrations that must be reduced to achieve the specific conductance endpoint determined
applicable to this project.

The numerous valley fills within the contributing drainage area to the impaired segment of the Mud River
are the most prevalent elevated ion sources. Significant, non-valley fill/légacy mining continuous
discharges are present within the Stonecoal Branch, Berry Branch; and Mullens Branch subwatersheds, and
| 437)L Onie significant, permitted, continuous flow

in one mainstem Mud River model subwatershed |
discharge of impacted groundwater is present in the Berry Branch subwatershed.
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Modeted Subwatersheds
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Figure [STYLEREF 1 \s]-[SEQ Figuge \* ARABIC \s 1]. Map of Upper Mud River, showing locations of valley

fills and mitg seeps ingelation tO% impaired stream segments. % Commented [EL6]: Perhaps clarify throughout that these
areexisting impairments and notstreams with elevated

i iong’but notidentified as impiired yet

3.2.2 Big Ugly Creek

Big Ugly Creek is a tributary ¢f the Lower Guyandotte River with the confluence located approximately four
miles upstream of Ranger, WV, [lie mainstem segment has been identified as biologically impaired with
ionic stress upstream of a location @pproximately 11.5 miles from its mouth (RM 11.5). In the Big Ugly
watershed upstream of RM 11.5, existing elevated ion sources are limited to those located in the tributary
Fawn Hollow ([ REF _Ref113601159 \h ]). Fawn Hollow enters the impaired segment of Big Ugly Creek at
approximately RM 12.7 and like Mud River tributaries Lukey Fork, Connelly Branch, etc., Fawn Hollow has
not formally been identified as biologically impaired but exhibits elevated ions that must be reduced to
achieve the specific conductance endpoint in Fawn Hollow and downstream Big Ugly Creek.
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Non-valley fill legacy mining continuous discharges are the prevalent elevated ion sourees in the Fawn
Hollow watershed. A small amount of valley fill area is also present. Elevated ion sources are not present in
the Big Ugly watershed upstream of the confluence of Fawn Hollow and the Fawn Hollow influence on Big
Ugly Creek is abated by dilution downstream of RM 11.5.

tdodaled Subwatershnds
Valley Fil

Stream Raach

Wnpained Stream
o Mine Saep

Prajution: AR 1883, UIN Sone 17
Figure [STYEEREE 1 \s]-[SEQ Figure X* ARABIC \s 1]. Maji:of Big Ugly Creek and location of Fawn Hollow,
mining seeps anga valley fill in velation to the impaired stream segment.

3.2.3 Urawley Creek

Crawley Creek s a tributary of the Guyandette River, with the confluence downstream near Chapmanville,
WV. The entire Tength of the mainstem and hegadwater tributary South Fork have been identified as
biologieally impairéd with ionic stress {[ REF _Refi13601366 \h ]). The headwater tributary Middle Fork
has not formally been identified as biologically impaired but exhibits elevated ions that must be reduced to
achieve the specific conductance endpoint.

The most significant sources of élevated ions in the Crawley Creek watershed are discharges from valley
fills and legacy mining continuousdischarges located in the Middle Fork, South Fork and Crawley Creek
headwater subwatersheds. Significant sources have not been identified outside of those headwater areas.
The large impacts in the headwater region continue to influence ionic water quality, albeit to a somewhat
lesser extent, in downstream Crawley Creek.

- Commented [EL7]: Isit possible to add a color to the

map for ‘elevated ions but no impairment’, or label
middle fork: Currently, Idon't know which segment
middle fork isonthe mapbelow.
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Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1]. Map of Crawley Creek subwatershed and location of
wvalley fills and mitie seepsiinirelation to impaired stream segments.

3.2.4 Limestone Branch, Ed Stone Branch, Rocky Branch

Limestone Branch is a direct tiibutary nfithe Lower Guyandotte River that enters the river near Big Creek,
WV. Rocky Branch is a direct triliutary of the Lower Guyandotte River that enters the river between the
towns of Pecks Mills, WV and Chapmanville, WV. Ed Stone Branch is a tributary of Big Creek that enters Big
Creek approximately two miles upstream of its confluence with the Lower Guyandotte River at Big Creek,
WV.

These small tributaries of the Lower Guyandotte River have been identified as biologically impaired with
ionic stress. The only elevated ion sources identified in the watersheds of these streams are continuous
flow “seeps” associated with legacy mining. The ionic strength observed near the mouth of these streams is
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relatively lower than that observed in the impaired streams associated with the Mud River, Big Ugly Creek
and Crawley Creek watersheds.

Mudelad Subwatersheds

~ impaired Stream

o Mine Seep

s Brojectinn HAD Y08 Time N

Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIG \s 1]. Map of Limestone Branch subwatershed and location
of mine seepsin relation to the impairedistreamisegment.

fostalad Subwatersbnds

Btream Reach
- dropaived Slream
o Ming Susp

Projerimn B8 IR LT ¥

Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1]. Map of Ed Stone Branch subwatershed and location
of mine seeps in relation to the impaired stream segment.
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Modeled Subwslersherds
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Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s"1], Map of Rocky Branch subwatershed and location of
nine seep in relationtn the impaived stream gggment.

3.2.5 Merrick Cresl

Merrick Creek is a tributary; entering the Lower Guyarngdotte River at Barboursville, WV that has been
identified as binlogically impaired withifonic stress. In copitrast to all other impaired streams associated
with this grnject no existing miningsrelated glevated ion sotirces have been identified. Valley fills
associgted with highway ¢enstruction (“road fills") have been targeted as the sources of elevated ions. The
ionic strength observed in Merrick Creek is relatively lower than that observed elsewhere, with only
limited insttgam observances of specificigonductance greater than the restoration target. The watershed of
Merrick Creekisialso geologically'different from other areas. It is dominated by the Conemaugh geological
formation wherein gigckets of freshwater limestone deposits are distributed. Those deposits are present in
the Merrick Creek watershed and causgistreams to exhibit a naturally higher alkalinity and conductivity
than those in other areas if this project (WVDEP 2022).
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dodeled Subwatersheds
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Figure [STYLEREF 1 \s]-[SEQiEigure \*ARABIC \s 1]. Map of Merrick Creek subwatershed and location of
road fill§iin relation to the impaired stream segment.

The information gathering priocess began with a literature search of scientific papers related to the
treatment of wastewater to reduge dissolved ions. EPA Region 3 and WVDEP supplemented the initial
search by providing references for potentially applicable research that were known to them. All discovered
research was reviewed, and the references displayed in Appendix B were found to have relevant
information about technologies that could effectively reduce ions in this setting and to discharge at levels
approaching those needed to achieve the water endpoint.

Subsequently, four information gathering meetings were held. The general goals of the meetings were to
identify additional effective technologies bevond those that were apparent in the literature and to capture
the experience of the participants with respect to technology performance expectations and constraints. On
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November 30, 2021, a meeting was held with EPA representatives. Prior to this meeting, EPA Region 3
solicited participation from EPA representatives in other regions and headquarters with knowledge about
conductivity or total dissolved solids (TDS) reduction. On December 14, 2021, a meeting was held with
WVDEP TMDL, water quality assessment and mining permitting representatives. On January 26, 2022, a
meeting was held with academie representatives and representatives of the U.S. Office of Surface Mining
Reclamation and Enforcement (OSMRE) and the U.S. Geologic Survey (USGS). Invitations to this meeting
were based upon research identified in the literature search and advice from EPA 3 and WVDEP. On
January 27, 2022, a meeting was held between Tetra Tech, EPA Region 3, WVDEP, and Malcolm Mann of
Saltworks, Inc. This meeting was suggested by EPA representatives as a source of information about
electrodialysis reversal (EDR) technology and proved to be extriemely helpful not only in that regard, but
also in understanding the wastewater quality characteristics] treatment.goals, and other considerations
that favored EDR versus reverse osmosis (RO) and otherihembrane technologies.

A summary of compiled sources isa provided in Appetidix B. Detailed minuteg ¢f each meeting are provided
in Appendix C.

After the review of available literature and ‘egnsideration of inputiveceived in the information gathering
meetings, treatment technologies with potentiglto redugé jonic strength were assessed with respect to
their ability to achieve theilevel af réduction nedessary and velatively camipared with respect to cost and
operational complexity. The'evaluation focused on RO, EBR. nanofiltration{NI), ettringite precipitation
and bioreactor technsjogies. Other technplogies, initially identified 11 the literature review with potential
to reduce ions, were not'évaluated further. Thermal distillation was excliided because of the extreme cost
associated with:waporizing large watepvulimes. lon exchange technologies do not appear capable of
overall ionic strength reduction: Migrofiltration and ultrafiltvation technologies are not independently
capable of significant ion reduction,

5.1 MEMBRANE TECHNOLOGIES

RO, NF and EDR'aresmembrane techiinlogies thatare potentially available for application. Membrane
technologies are themgst expensive of those considered, particularly with respect to operating costs.
Membrane technologies require large anmounts of energy, sophisticated operation and maintenance,
membrane monitoring, maintenance and replacement, and additional treatment and disposal of the
concentrated brine solutions‘thiatiare generated by the processes.

RO and EDR systems can be desigiied to reliably achieve the discharge quality determined necessary in this
project, at expected flow rates. Nanofiltration can remove some dissolved solids of concern, particularly
divalent ions, but is less effective in the removal of monovalent ions. ‘As such, the ability of NF to

-+ Commented [EL8]: Have you encountered anything

about the footprint of these operations? It seems like one
potential challenge/limitation for all of these is
gvatlability flat spaceto build the treatmentplants on as
well astheenerpy supply, Couldthisbe discussed more?
And, maybe explicitly ion that the eurrent
infrastructure in gur watershed wotild likely need to he
expanded (rdew solar pawer dr distributionlines) to
supply the necessary power.

consistently achieve the specific conductance endpoint of this project is less certain, but {aboratory
evaluations conducted by Kemak et al. (2018) are encouraging. They found that two of three tested
nanofilters, operated at & bar pressure, and without pretreatment could achieve less than 500 puS/cm in test

water obtained from valley fill drainage with specific conductance ranging from 1500 -2500 uS/cm.
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RO and NF are membrane filtration technologies in which dissolved solids ions are reduced by applying
pressure to move water across a semipermeable membrane that restricts the passage of ions. The solute
(ak.a, brine, reject, retentant) is retained on the pressurized side of the membrane as the solvent (a.k.a.
permeate, product stream) passes through and becomes the discharge. The primary differences between
RO and NF are the pore sizes of the membranes and the size of contaminants that can be removed. The pore
sizes of membranes increase through common classifications of microfiltration, ultrafiltration,

nanofiltration and reverse osmosis. [RO membranes with smaller pore sizes can remove finer contaminants
than nanofiltration membranes

-+ Commented [EL11]: Are these listed in order of

increasing pore sizes as indicated by the previous phrase
of the sentence?

.

is reported to be significantly less than that required in RO. The loger pressure requirement of NF relates
directly to system energy use and overall operating costs. h\/licrofiltratinn and ultrafiltration via membranes
or media are not effective technologies for dissolved solids removal but may be relevant pretreatment

Commented [AJ12]: Do we have anestimated
quantitdtive caomparison between these? feig, RO ¢an
reach thistevel NEcad veach this level)

1 Commented [AJ13]; Similar toabove, dowehavea

quantitative estimate of what these canachieve?

iksant Water

i Commented {EL14]: Perhaps expand on why

pretreatment would be implemented, when it was
previously noted that it's not needed for NE. Would the
pretreatmentbespecifically for RO orcould
pretreatment with microand ultra-filtration potentially
reduce cost of NF freatment too?

Effuent

Figure [STYLEREE 1 \s]-[SEQ Figuire:\* ARABIC \s 1] Reverse usmosisiit (Marlo, | HYPERLINK
"https:/ /matlg-inc.com/ })and process diagiam.

The EDRiprocess invalvés applying o direct current electricfield to move ions across stacked, alternating
anion‘géxcliange and catiott etchangé membranes (['REF Ref113895405 \h ]). The anion exchange
membratigsiallow anions (negatively charged ions such as'sulfate or bicarbonate) to pass through and the
cation exchanige membranes allow the passige of cations (positively charged ions such as calcium and
magnesium). The desalted water becimes the discharge and the separated anions and cations become the
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brine/reject. In contrast to the RO and NF processes that use pressure to force water through a membrane
and reject the passage of ions, the EDR process moves the ions, not the water, through membranes by
electricity.

Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1]. EDR Process diagram (Lenntech, [ HYPERLINK
"https://www.lenntech.com/" ]) and EDR units (Saltworks, [ HYPERLINK
"https://www.saltworkstech.com/#])

The relatively high proportinns of brine solution generated by all membrane technologies (10-40 % of

influent flow) require similar post-processing, most commonly via evaporation/crystallization or deep well
injectinnL

Although overall costs for RO and EDR are similar; si

i Commented [EL15]: It seems like disposal of brine will
/i be a significant challenge to implementing these

technolagies: It would be helpful to explicitly state that
the brineis toxic and elaborate an the ¢hallenges
associated with disposing the brine.

I know this will vary depending on how it is disposed, but
have youcome acrass any estimate of cost of disposal
thatcould be included: even somethingqualitative? Such
as for long term operation; is cost of disposal roughly
equal to'the costiof maintaining and operating NF
treatment? Or maybe bring/waste disposalcould be
gnother column in table 6-1.

|

Commented [AJI6]: Aren’t there exaniplesof the brine
being transported away and used for ather purposes?
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o { Commented [EL17]: Why are only RO and EDR being
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suspended solids, organics, and scaling ions. In genétal RO becomes more cost effective for higher
necessary TDS changes (the difference in TDS concentrition between the untreated wasteéwater and the
necessary effluent quality). EDR has been Feported as motré favdrable if the necessary changein TDS is less
than 10,000 milligrams per liter (img/1), asis'the:case in this project. Conversely, EDR loses advantage as
the necessary effluent quality becomes more dilute. As jonic strefigth in the wastewater lowers, electrical
resistance increases, and relatively more energy is regiired to moveiéns. When the necessary effluent
quality is {1,000 mg/lor legs

gains advantages over RO 'because of lower wastewater pretreatmenit téguiréments. Less necessary
pretreatment lowers botlj gapitol and opgeration and mgintenance costs
the pressurized impingement of ions on very small pore diameter membranes, suspended solids, organics,
and scaling tons that would “blind” membranes must be removed from wastewater prior to RO treatment,
Runtti gt al (2018) summgrize the ﬁal‘e-&eatment requirements for NF and RO, as shown in | REF

Since RQ involves

" Commented [ET18]: Should “change” be "reductions” in

this paragraph?
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" i technologies?
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concentrations fiave been reportéd ds necessapy for RO-friendly feeds. EDR is more tolerant to blinding
because the proceéssmoves the ions; rather than water, through the membranes.

Ferd water pre-ireatment reguitements for NF and RO
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Conmented [AJ22R21): Same with the 649 target
incorporating the MOS. please:

. Commented [EL23]: What about NF

Conmented [EL24]: This was mentioned earlier, butcan

* L you reiterate that NF would nat requirs pretreatment.

i+ Commented [EL25]: My earlier impression was thit pre-

treatment was not required from NFE based on this
statement. "They found that two of three tested
nanofilters, operated at 8 bar pressure;and without

pr could achieveless than 500 pS/cmiin fest
water obtal salley Fill drainage’s Flease clarify
why this prettregmm dred o dreguirdment
{ar if there js conflicting Information on pre-treatment
requirements for N

i Commented [E126]: and NP?

{ Commented {EL27]: Please define. And is NF more

talerant of high T5§?
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Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1}]. General feed water pre-treatment requirements for
RO and NF membranes (Runtti et al. 2018 adapted from others.)

EDR allows precise treatment to variable endpoints that may facilitate real time water quality management
options. Simply, the quality of effluent is dependent upon the amount of energy applied, which can be
directly controlled. In contrast, RO and NF processes are designed to constantly achieve design endpoints
with little ability to adjust effluent quality.

Blending - can reduce system sizeg and favorably influence the overall

cost of membrane technologies. Systems can be designed to highly treat @'portion of the wastewater flow

after which the treated flow is blended with untreated wastewater stich that the total discharge achieves
the necessary discharge quality. Cost savings can result from:gubstantively reduced treatment system sizes,
if reliable operation control is accomplished.

RO systems are much more common than EDR systems, R@'system compornefts have become standardized
and compatible. The purchaser of an RO system will hiave multiple vendors frotn swhich they may obtain
replacement parts. In contrast, there are limited stigpliers of EDR systems and each gupplier’s system is
specific and proprietary. As such, there has been lessetgdoption of gl EDR technology due to the
hesitancy of potential purchasers to commit to an individigal supplier.

Nanofiltration has been described as a more vegent improverment of RO, which is gaining faver due to its
inn removal selectivit its ability to remove divalent ions

- Commented [EL28); Perhaps clarify that “highly treat?

means treat wastewater to achieve concentrations
significantly below the targetendpoint

i Commented [EL29]: It

like thisis a benefit over

{ RO, but not necessarily EDR

this project, NF selectmty coupled with its reduced operating cost over other membr‘ane technologles
should be considered. Dueito the ability ¢f NF to remove sulfate, calciunijiand magnesium, it may be shown

“ Eommented [EL30): Please highlight /clarily fora reader

wha may not know that high bicarbohate contributes to
elevated TDS in these streams and also causes high
hardness.

to be capable of consistentachievement of the specific conductance endpoint. At a minimum, its application
will afforddtieremental.improvement

5.2 ETTRINGITE PRECIPITATION (CESR, SAVMIN)

Commented [EL31]: Please highlight/clarify that sulfate
isoneof the majorionsthat needs to bereducedin these
streams.

| Commented [AJ32]: What about EDR? The above text

suggeststhatitis promising over RO at least lthere are

k .- majar cons to EDR, please include.

A commonly used method to reduce very high concentrations of sulfate in wastewater is gypsum
precipitation using hydrated lime. That process cannot be expected to achieve sulfate concentrations below
1,500-2,000 mg/1 due to thé splubility bf gypsum. Sulfate concentrations in that range are well above those
that would be associated with thg effltient quality needed to achieve the specific conductance endpoint of
this project and may in fact be greater than concentrations of most untreated sources. As such, standalone
gypsum precipitation cannot be considered as a potential practical technology.

The Cost-Effective Sulfate Removal (CESR) and SAVMIN processes are multistep processes that incorporate

an ettringite precipitation stage

i Commented [EL33R32[: I'think concerns with EDR have

been included in prior discussion, but it’s not always
clear if those stillapply when compared to NE. Perhaps,
overall arganization of the discussion could be improved:
Right naw, NF seemsquite underrepresented in the

entire di ¥d {discussing EDR RG,
and NP inall comparisens: Orinclude paragraphs mare
divectly comparing NEand EDR and then NEand RO in
addition to the paragraph comparing RO to EDR.

to reduce sulfate. Ettringite precipitation is also reported to significantly reduce calcium and
magnesium. Ettringite is a hydrated calcium aluminum sulfate compound that is precipitated at relatively
high pH (11.3) with reactive aluminum sources (aluminum salts, aluminum-rich cements,

- Commented [EL34): My understandingis that this

technolagy works by bmdmg the mns wewantto remove
framithe to the 1 agents aypaum,
metal hydroxide, etiringi zmd allowing al gfthe
tens by disposing the precipitate. s that correct? If so,
could that simple explanation {essentially of what
precipitation is) be included somewhere.
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specialized/proprietary reagents).

e e . For wastewater with high metals
content, the initial ;

. step can be further segregated to lower the generation of
potentially hazardous sludge characteristics that may result from metal hydroxide precipitation. Most of
the gypsum can be precipitated at a pH lower than necessary for metal hydroxide precipitation, with the
remainder, co-precipitated with metal hydroxides at higher pH (10.5). Ettringite precipitation
occurs in the subsequent step of the process. iEttr'ingite is a hydrated calcium aluminum sulfate compound
that is precipitated at relatively high pH (11.3) with reactive aluminum sources (aluminum salts,

L Commented [EL35]: Helptul to define at first mention of
 ettringite.

- Commented [EL36]: Helptul to define at first mention of
: ettringite.

Commeited [EL37]: 15 this different than the
precipitates? Perhaps define residuals. Is waste both
residuals and precipitates?

reported to decrease with increasing magnesium i ¢onicentration. This effect sfould be evaluated, but the ‘

reported half maximum inhibition concentration{54.7 mmol/L) is likely greater'than expected in the
untreated wastewaters of this project.

Multiple sources have reported the pragéss capable of rediieing sulfate'to concentrationsicunsistent with
those that may be needed in this project{x 108mg/1). Hydrometrics, Inc. advertises that the'final sulfate
concentrations of their CESR process are typically limited only by the amount of reagent added and the
reaction time. Additionally, the process may teduce othier ions in the yvastewater, particularly calcium and
magnesium, such that expeeted reductions of TS and specific conductiiice are reasonable. The results of
laboratory evaluations geported by'Grey et al. (2018) indigated not.only 85% reductions of calcium,
magnesium and sulfate in test waters obtdined from valley fill draingage, but'also the reduction of specific
conductance from the 1580 -2,500 uS/cin onductivity range to less thag 500 pS/cm.

Site-specific progess optimization is ngeded to determine reagent dosing rates and reaction times.
Necessary reageitt dosing will depend nreagentitype. Avergge values of proprietary reagents have been
reportédias 1'to 1.5 timeg the sulfite lvading. The'vecetion tingiwill depend upon the anount of reagent
added, the required reductiag and the presence of othetions‘in the wastewater. Grey et al. (2018) explored
1, 1.25, and 1.5 x sulfate load reagent dosing rates and 8, 12, and 18-hour reaction times in experiments

with valley fill'drainage test waters gnd determhined a dosing rate of 1.25x sulfate load with reaction time
equal to 18 hours'tibe optimal. Process optimization must also consider the aluminum residualgwith
respect to final effluéit quality.. Although all added treatment chemicals can be theoretically precipitated,

" Commented [EL38]: Is this discussing the entire process;
. ior just the pH neutralization?

| Commented [EL39]: Perhaps more explanation is needed '

to describe the precipitation treatment process in
general Does the precipitation accur inside of some sort
of treatment bullding like RO or does the precipitation
happen inside same sort of treatment ponds? P
guessing treatment pondsbased on the dewatering
camment, but it would be helpful to clarify. And, dowe
know if this size of these ponds would require more
space/footprint than membrane technologies?

Commented [ELAD]: 5 this scooping solid waste autofa
dried pand? Whereas waste frammembrane
techinolagiesis allliquid?

{ Commented [EL41]: Perhapsin adescription ofa

precipitation process: deline sludge. (Is all precipitate

‘}‘ solidwaste that needs'to be disposed of referred toas a
i shidge)?

i Commented [EL42]: Is it possible to add how sludges

froxic and non-toxic) are typically disposed of?:1
honestly don't know = arethey taken toa landfill? Would
atoxic sludge require a different kind-of landfill? Or, can
these bedisposed af somehiaw an Site?

suboptimal operation may result in elevated aluminum in the treated effluent,

Capital costs for an ettringite pregipitation process are likely to be much lower than those associated with
the various membrane technologies previously discussed. A significant economic advantage of ettringite
precipitation over membranes is lower operating costs due to low energy demand, Additionally, the

- Commented {EL43): Definitionof residual would be

helpful again. Pm inferring after a couple reads that this
means unprecipitated aluminum (aluminum in
wastewater), but after my first read Fthought aluminum
restdualwasreferring to asolid residual

process does not generate the liquid brine waste streams that are commonly associated with the
membrane technologies, and which require additional sophisticated and expensive treatment and disposal.
Dewatering of residuals can be accomplished with more conventional dewatering equipment (filter or belt
press). According to Hydrometrics, Inc., operating costs are reported to be dominated by reagent cost. They
report their proprietary reagent costs at $0.40/pound, as well as a reagent cost of $3/1,000 gallons treated,

Commeiited [rd4): Mayhe an added camment here that
Aluminum is “a parameter of concern for WVNDPES
discharge mining permits.” This is verbatim from
WVNPDES permit rationale pages for coal mines. In
supportofthe prior statement about sub optimal
operation;

L Commented [ELA45]: Lower costs seem to apply to

upfront, and not just operating costs, if new energy
supply systems (solar, power lines) don’t have to be built
to support it
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fora 1,500 mg/l1 sulfate reduction. iResidual disposal is an additional, likely non-negligible operating cost

consideration.

5.3 BIOREACTORS

Bioreactors (a.k.a. biochemical reactor, [BCRs]) use microorganisms to reduce pollutants in wastewaters
associated with both coal and hard rock mining operations in the United States and abroad. Most past
applications targeted acid mine drainage and were designed for acidity;and metals reduction. More
recently, bioreactors have been optimized for sulfate reduction and:gomehave been designed for selenium
removal. Bioreactors are attractive because they have historically been demonstrated as a low cost, low
maintenance, low energy alternative to active treatment systenis at'mine sites. However, nmost existing
biological systems have not been specifically designed to pedueionic strength in terms of TDS or
conductivity and their ability to achieve the level of rediiction necessary irithis project is unproven.
Nonetheless, the limited available research indicates that modest ionic strengthireductions are possible
with this technology.

passively or actively. Passive bioreactors.use a simple flowithrough design with a solid reagtive mixture
acting as a source of nutrients for the ba¢teria.and as a substrate for microbial attachment and-metal
sulfide precipitation. The substrate is intefided tg:support sulfate reducing bacteria for a fixed period after
which system rehabilitation is required. Activg systemis. may inchide continuous external sources of the
organic substrate and/or sepiiite tanks or zones for the binlogical, chemical, and physical processes.

[ REF _Ref113895604 \h | displays multiple pathways by which biareactogs may reduce conductivity.
Bioreactors at mine sites iniclude an anagrpbic zoné where sulfate-vediicing bacteria accomplish the sulfate
reduction that is the expected to be the primary mechanism enabling overall ionic strength reduction.

1} Dibution by
rain, runotf or
grounheatar influs

2} Adsorption
1o partivies
o surfaces

33 Oie mata
hydrlbysis &
precipitation

b Nestradizatinn by HOOY
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Hage] H 0 Cyy + HO
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Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1]. Primary processes to reduce conductivity in a
bioreactor system (Smyntek et al. 2017).

Systems designed primarily for AMD abatement employ limestone substrates in bioreactors and/or
introduce other alkalinity sources. As such, and with respect to TDS performance, the reduction of sulfates
accomplished may be counteracted not only by the alkalinity generated in the reaction, but also by
alkalinity added through dissolution of limestone. Lefticariu et al. (2015) indicates that anaerobic organic
substrates in bioreactors do better at sulfate reduction than bioreactors with limestone substrates. The
exclusion of limestone may be entirely suitable for the alkaline or cirgtimneutral wastewaters associated
with this project if alternative substrates such as nonreactive gravel can provide the necessary structural
stability.

When compared to the other technologies discussed in the.report; biological systems are expected to be

* Commented [EL47): Doesthis mean both passive and

P

eactor t

significantly less expensive in terms of capital cost, operatitig cost, and complexity.
Significantly less energy and material inputs are alst expécted. Although stillfess.costly and operationally
intensive than other technologies, active bioreactyrs are expected to have higherigapital and operating

costs when compared to passive bioreactors. Land requirements may be significant for systems or

 Commented [EL48]: Could we include a discussion of

what would need to be disposed of {eg. system
rehabilitation) and ifit conld occuronsite? It seemslike
hioreactors also operate by facilitating precipitation; so
there would still be waste to dispose? Isless

performance can decline over time dueity the exhaustion ot thednitial microbial nutrient sétitce and/or
substrate clogging and require complete teactorrehabilitation; [nitial sulfate reduction performance in
bioreactors may be poor because time is neeted for optimum micyobe development. The addition of a
bacteria inoculum at start-up.may lessen the system lag time to achieye maximum performance.
Bioreactors have suecessfiilly operated in eold climates, but sésonal pégformance variation may be
expected. As with mogstbislogical processes, performangcé is expected to beé better in warmer months.

Best-case expected cotidiictivity reductiongiof 30 - 48% were anecdotally indicated by multiple
experts/practitioners in the information gathering meéfitigs. The literature review of passive biological
treatment systems presentedin:Smyntek etal:(2017) ([ REE _Ref113895627 \h ]) supports that maximum
range, stit that'the maximtimn predicted ‘conductivity change is approximately equal to the maximum
changé by stoichiometry for sulfateveduction, and qualifigs that maximum performance can be expected
only fromilitnestone-free systems, All reviewed systems with limestone increased conductivity, but 22 of
25 limestonesfyee systems reportgd conductivity reductions.

precipi fshudge ted with these bioreactors than
with Bttringite Precipitation?

Commented [EL49]: Would it be more significant than
i others?
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Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1]. Changes in conductivity following passive biological
treatment of mine drainage impacted waters (Smyntek et al. 2017)

During the academia/OSMRE information gathering meeting, participants suggested the TDS/conductivity
reduction performance of bioreactors designed for selenium removal may differ from that associated with
bioreactors designed for pH increase and metals removal. Selenium impacts have been mostly associated
with net alkaline drainage scenarios, and minimization of alkalinity additions or avoiding the use of
limestone components might suggest improved sulfate performance. But systems in which microorganisms
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are optimized for selenium reduction may accomplish lower sulfate reduction. Unfortunately, no data has
been made available for selenium bioreactors to assess their conductivity or TDS reduction performance.

In summary, it is unlikely that bioreactors will ever be able to fully and consistently achieve the ionic
reduction needed for sources in this project

‘At this time,

bioreactors may be practical to reduce TDS/conductivity in lower strepgth waste streams, could be applied
as an incremental improvement option for legacy mining impacts, oribe ised as pretreatment or polishing
components of a treatment train. Those limited benefits may be ggpanded with continued research aimed
at optimizing conductivity reduction performance.

5.4 NON-TREATMENT MANAGEMENT CONTROLS

-} Commented [EL50]: Not sure if this is the appropriate

place for this comment. But, L added since some passive
treatment AMD treatment done for 404 mitipation have
had really insufficient monitoringrequirenients:

Although conceptually feasible, little information wag identified that demonstratéd the practicality of non-
treatment management controls to resolve or redigefonic loading impacts. Nonetheless, it is reasonable to
expect that discharge minimization, effluent holding,“and blending with a dilution sot¢e, applied
independently or in combination, could positively impact the ioni¢ watér quality conditions, Real time
water quality management scenarios have been pursued elsevwhiere where discharges can be ¢ontrolled to
maintain instream targets during the criti¢al losviflow condition that is present in this project.

Merriam et al. (2020) demginstrates.a practicalapproachto maintain a 300 mg/L TDS target in the
Monongahela River vig.gontol of disgharge volumefrom pumpedisources ghd flow augmentation from
reservoirs during critical low flow conditions. That‘approach may be réplicated in scenarios where
assimilative capacity exists, or is made available, in the management waterbody.
‘ ‘high concentration ionic inputs can be modulated. &z ;

and

: prepegiisit - appears available tothe sources and small receiving stream impairments of this
project:Buit similar congepts could bie explored, particularly'with respect to potential incremental water
quality imiprovement.

As examples, the spray back of effluent to vegetated areas during summer months, and the associated
reduction of effltient discharge voliimes thraigh evaporation and transpiration, could be evaluated. The
practicality of holdiiig effluent or contrnlling the discharge rate in relation to receiving stream flow during
critical stream flow c¢engitions could be assessed. Additionally, the development of a dilution water source
and holding could be cotigitlered to eriable blending (and lowering the ionic strength) of the discharge
during critical periods.

Real time water quality managementis not envisioned as a panacea. Successful approaches might involve:

e Site-specific feasibility evaluations to identify potentially available control mechanisms

e Construction of holding basins

e Dedicated onsite operators

e Receiving stream and effluent flow measurement capability

e [Effluent and receiving stream monitoring

e Coordination with control authorities to develop thresholds to trigger controls and other
implementation requirements

- Commented [ELS1]: In PA at the Bailey mine complex,
i the 404-dacumentation said they would augment stream
i flow with drinking water. While it seems obvious,
i somewhere in the text, it would be helpful explicitly
i mention that that the flow augmentation water would
i need to be non-toxic.
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It is expected that reducing valley fill inflow would lower both the opportunity for reaction with spoil
materials and the outflow volume. Many new fill construction best practices to minimize water influx could
not be practically implemented at existing fills but there may be limited opportunities to retrofit adverse
surface conditions and lower water influx. Incremental actions that lower effluent discharge during the
critical period or create or supplement a dilution source will ease constraints for holding or blending
activities.

Also note that the biological condition in the immediate receiving stream for an instream outlet would not
substantively improve by simply reducing the volume of a high ionig strength discharge volume because

stream biota would continue to be subjected to similar water quality characteristics -Less water at the

same ion quality would likely have same biological impact

Butin
ncremental improvement, argeting a:ddownstream segment with limited assimilative
capacity, standalone volume control at upstream somtces ¢ould be a positiveiinfluence.

5.5 NEW VALLEY FILL DESIGN CONSIDERATIONS

{ Commented [E152]: Unclear what this means - similar
S water-quality eoncentrations?

+ Commented [ELS3}: This s sortof asidesnate to the

conversation; butone consideration for thisapprodch
should be other impacts to blology 45 a result of the
control (similar to how aluminum is mentioned for
Ettringite Precipitation).  If flow controls end up
divertinpwater to other watersheds, there could beother
impactsto biology:

The publications reviewed in this section address new valley fill déesign considerations andiconstruction
techniques to minimize dissolved solids gxport. Recommertded approaches may not be practical for retrofit
applications to existing valley fill sources biit shoild be considered if new mining operations involving
valley fills are proposed within the watershegs of the impaired stredims associated with this project, or
elsewhere.

Identified best practiceg are based Upon.the genetabpringijples of minimizing the amount of water entering
the fill and minimizirig Witer contact arid contact timeswith spoil materials within the fill that have the
highest potential to geriérate dissolved sglids. The recgimmended set of‘practices are intended to lower the
export of dissolved solids froin the minitig bperation, create site hydrology that mimics pre-mining
hydrology,atid exjiedite the retiirn of the site toea forested ¢¢osystem.

The following TDS exportreduction practices havebeeidentified in the literature:

e  Systematically charactérizing the conductivity genérating potential of all spoil subtypes before
minitg;
¢ Planning construction (backfill and vallgy fill) to maximize the placement of lower conductivity
generation potential materials in flow path areas and encapsulating the highest conductivity
generation potetitial materials to'minimize their contact with water ([ REF _Ref113895652 \h ]).
More specifically;
o Constructing vadleyfill underdrains with low reactivity, large, durable rock
o Selecting weathiered sverburden (generally spoil from the upper 10-25 feet) for flow path
areas because it isiléss reactive than more deeply located “unweathered spoil” after
exposure
o Avoiding placement of higher conductivity generation potential spoils near sides or bottom
o Isolating and encapsulating the highest conductivity generation potential spoil (shales,
pyritic material);
e Constructing fills by i"bottom-up, truck and place” methods and not by "end dump’ methods }that
comingle spoils of variable conductivity generation potentials;
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e Providing in-situ filters atop valley fill underdrains to minimize passage of fine materials, which
have higher unit surface area and produce more conductivity than larger particles;
¢ Minimizing the amount of spoil material to be disposed of in valley fills by higher stacking and/or
use in constructing kveep berms, thereby lessening the length of stream overlain by the valley fill;

¢ Preventing extraneous groundwater entry to fills by intercepting and daylighting sources along low
conductivity generating pathways;

¢ Minimizing the infiltration of precipitation into the fill, generally, and especially to deeper regions
of the fill where bulk fill materials of moderate conductivity genieration potential are located. More

specifically,

o Use of weep berm technology for solids retentiomiani supernatant dispersal to off-fill
forested areas to rather than routing to on bench ponds or setthng basins

provision to create a surface amenable iiiree growth and minimize water entry to bulk fill
o Avoiding the creation of areas of standitig water on the fill
o Lining ditches atop the fill or pitching them to quickly direct flow gff the fill

o Minimizing flat areas.

Test mine rock for TDS  strata Depth Rock Type % of
t t t # sirata
generaton poient select ™ | 1 462- gray sandstone 100
before mining far 520
. drairs 2 415 gray sandstons 37
0% - 4880 gray shale 31
1200] * gray sandy shale 31
=y TN 3 376- gray sandstone 85
50 Tl e 408 gray sandy shale 23
prefty [ gray shale 10
.__good
4 280- gray shale 83
oy = 375 gray sandy shale 15
ao 8" eetytnsns Suiay minor sandstone 2
\O‘aﬂﬁg ’&C‘%%QO{‘

%mjg;‘“"" 5 211- gray shale 50
W&% - 290 gray sandstone 26
ey ™ ) gray sandy shale 24
200 Leach No. 6 160- sandy shale 54
Resulte of leach test by W.L. Danisls w211 gray 53"?“‘5‘93@‘ . 43
brown sandstone 3

Figure [STYLEREF 1 \s]-[SEQ Figure \* ARABIC \s 1]. Results of mine rock conductivity and which strata
are most appropriate for placement in the flow path (Zipper et al. 2016).
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5.6 CENTRALIZED TREATMENT

Significant ion sources are concentrated in some parts of the Lower Guyandotte project area, and the
feasibility of centralized treatment for geographically proximate sources could be explored to achieve
economy of scale and mitigate constraints that hinder source-specific control (e.g., access, availability of
electricity, usable land for treatment systems or other controls).

Conceptually, multiple sources could be routed to a strategic location for treatment that is minimally
constrained via a transport system of pipes with gravity or pumped flaw: The fate of the treated water
(discharge at treatment location, return to original source locatigg hybrid) would be determined by
consultation with the control authority as the seasonal biologi¢allv-necessary stream flow conditions of
various segments must be considered.

Centralized treatment is not likely to be the solution tgiallipipject impairnietits but, like non-treatment
controls, may afford opportunities to address someimpaired streams and/orgchieve incremental
improvement in others.

[ REF _Ref113621888 \h \* MERGEFORMAT }:provites a relative ¢cgmparison of key considerations for
potential ion reduction treatmgnttechnologies. As is cledr the known technologies that can reliably
achieve the necessary reduiction performance are simultanenusly the mostiexpensive, complex and energy
demanding. Conversely: the'least-expensive, simplest, arid non-energy dentanding biological technologies
are not likely to be indépendently capable 6f substaritive fon reduction,

Table [STYLEREF 1 \s]-[SEQ Table \* ARABIC \s 1]. Comiparison table summarizing key considerations of
various treatinent technologies:

Technology | lonreduction | Residual Operational M b  Formatted Table

performance | Generation | Comipléxity | Demand
Reverse Osidsis
Electrodialysis

Reversal

Nanofiltration +++ ++ ++
CESR ++ ++ +
Biological + + B
Reactors

Consideration should be given to the cost and performance reliability tradeoffs associated with
nanofiltration and CESR technologies. Although there is less available research for them, that which was
reviewed indicates that both can be designed and operated to reduce mining wastewater of untreated ion
quality consistent with the existing sources for this project to 500 uS/cm specific conductance.

The general and relative information presented herein can be used only as a starting point. Ideally,
feasibility evaluations should be conducted at sites, or groups of sites, to evaluate the potential treatment
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and management controls or combinations thereof that may be locally practical. Scenarios could be
evaluated not only with respect to achieving final targets at individual sites, but also to precisely identify
the cost and expected performance of various alternatives or combinations to inform the pursuit of
incremental improvement. Associated with incremental improvement, local feasibility studies could also
include evaluations of the potential controls for multiple sites wherein the feasibility of combined
treatment may be explored, and subsets of the most impacting sites could be evaluated with respect to the
environmental benefits that would be expected in a downstream water segment that is influenced by the

group.

Grey, C.V, G.D. Boardman, J. Parks, Z. Kemak and K. Gunthier, 2018. Specifiticonductance reduction in valley
fill runoff using the cost-effective sulfate removal progess; fotirnal American Society of Mining and
Reclamation. 7(1):56-76.
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